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Abstract 
In this work, the performance of solid oxide fuel cells (SOFCs) fed with a syngas obtained from a steam-enriched air 
gasification of biomass has been investigated, varying the composition of the feeding gas (H2, CO, CO2, CH4, H2O, 
and N2).
The composition has been obtained from experimental/numerical tests in a fluidized bed bench scale gasifier after 
catalytic steam reforming of the syngas carried out to remove tar. During the gasification tests, the oxygen purity in 
the enriched air (in the range of 0.2 and 0.9), the gasification process temperature (in the range of 750 and 850 °C), 
the steam to biomass (in the range of 0.5 and 1) and the equivalence ratio (in the range between 0.0 and 0.4) were 
varied to simulate the different operating conditions. 
Commercial SOFC cells have been employed in the experimental campaign, fed with the most representative fuel 
compositions mentioned above. Polarization curves have been carried out to determine the electrical performance of 
the cells, comparing the results with cells fed with hydrogen only.  
In the final paper, the electrochemical impedance spectroscopy (EIS) will be reported for in-depth analysis of the 
performance parameters and to evaluate the long term degradation rate of the cell. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Fuel cells (FC) represent today a very promising solution for power generation due to their high 
efficiency, potentially greater than 60% [1]. Among the different FC typologies, Solid Oxide Fuel Cells 
(SOFC) are of particular interest due to their large flexibility in accepting a large range of  fuel 
compositions, when compared with the widely used Polymer Electrolyte Membrane FC (PEMFC) that 
can be fuelled with hydrogen only (in the recent high temperature PEMFC some small percentage of CO 
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is tolerated). In particular, the development of biomass gasification techniques makes available wood-gas 
that is completely biogenic and without any impact in terms of greenhouse gas emissions.  
However, wood-gas can be very different in composition, depending on the original feedstock 
characteristics (e.g. humidity percentage) or on the gasification process (e.g. the oxygen percentage in the 
gas injected in the gasifier) [2].  
Commercial SOFC performance is guaranteed only when the given reference fuel is adopted (i.e. natural 
gas) [1]. This means that the derating of the FC when using a different fuel must be properly evaluated ad
hoc.
As an immediate tool, polarisation curves  must be measured to assess the instantaneous performance 
differences when compared to reference fuel. The long-term effects on the cell performance should be 
evaluated by post-mortem analysis of the cell – SEM and XRD – in order to obtain a full characterization. 
Complementarily to polarization curves, EIS measurements can shed light on the diverse electrochemical 
processes occurring in the different active layers, pinpointing quantitatively and qualitatively the 
criticalities appearing under certain fuel compositions and/or operating conditions [3]. 
In a common research activity carried out by the authors polarisation curve and EIS measurements are 
carried out on commercial SOFC cells fed with selected compositions of wood-gas as obtained from a 
realistic gasifier. Here we presents the results of such analysis in terms of VI curves. The  EIS analysis 
will be presented in the final paper. 
2. Material and Methods 
2.1. SOFC cell type 
To evaluate the effect of different compositions and relative gasification strategies an experimental test on 
a SOFC single cell was performed. The test was realized on a commercial electrolyte supported SOFC. 
Cell specifics are reported in Table 1. 
Table 1. Characteristics of the Solid Oxide single cell used for the experimental activity 
Cell type Next Cell (ESC - planar)
Dimension 5 cm x 5 cm
Active area (measured) 3,9 cm x 3,3 cm = 12,87 cm2
Anode 50 μm Ni-GDC/Ni-YSZ multi-layer
Electrolyte 50 μm Ni-GDC/Ni-YSZ
Cathode 50 μm LSM/LSM-GDC multi-layer
2.2. Methodology and parameters 
The test was performed on a test bench internally developed composed of two metal manifold (anodic and 
cathodic), furnace for temperature control, mechanical load, electronic load and an acquisition system for 
cell temperature and cell voltage. The test aim was to compare the performance of four different 
compositions, A, B, C and D measuring a polarization curve for each gas mix. With this purpose, the H2eq
parameter was introduced and calculated as follows: 
H2, CO and CH4 are the volumetric flows of the composite gas. H2eq defines the equivalent amount of 
hydrogen considering the complete conversion to H2 of CO and CH4 via the shift and steam reforming 
reaction respectively, assuming sufficient quantities of water vapour to be available in the feed gas. The 
polarization were realized keeping H2eq = 18 ml min-1 cm-2 (corresponding to a fuel utilization, Uf, of ….. 
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at ….. mA/cm2; the area considered was 25 cm2) and Air = 60 ml min-1 cm-2. All anode compositions, 
included a reference composition of pure hydrogen humidified at room temperature, are reported in Tab.2 
[2]. 
Table 2. Anode compositions used as feed gas during experimental activity 
H2 H2O N2 CO CO2 CH4Composition
[Nl/h] %mol [g/h] %mol [Nl/h] %mol [Nl/h] %mol [Nl/h] %mol [Nl/h] %mol
REF 27 80 5,57 20 0 0 0 0 0 0 0 0
A 14,91 37 5,57 17 0,4 1 8,87 22 8,46 21 0,81 2
B 14,54 35 5,74 17 1,66 4 9,14 22 8,31 20 0,83 2
C 14,61 33 5,76 16 4,87 11 8,85 20 8,41 19 0,89 2
D 15,34 25 5,99 12 20,86 34 9,20 15 8,59 14 0,61 1
2.3. Measurement procedure 
After start-up and acceptance procedures, the polarization curves were performed. The operative 
temperature  was set equal to 850°C. Each polarization was performed with regular incremental steps of 
0.5 A kept for 60 s. When the minimum voltage level of 0.6 V was reached the procedure was inverted 
and current was subtracted stepwise until open circuit (current = 0.0 A). 
3. Results and discussion 
 Fig.1 depicts the polarization curves for each composition. The plots show similar slopes for all graphs 
(including reference one). As expected, the reference curve has a higher intercept with y-axis meaning 
higher OCV. This is due to the higher Nernst potential of the H2 oxidation reaction compared to the CO 
and CH4 reactions. Compositions A, B, C and D are equivalent. 
Fig. 1 Polarisation curves of tested composition Fig. 2 Differences between gasified compositions and 
reference for each polarization point. 
0,4
0,5
0,6
0,7
0,8
0,9
1
1,1
0 50 100 150 200 250 300 350 400 450 500
V
ol
ta
ge
[V
]
Currentdensity[mAcmͲ2]
ComparePOL
A
B
C
D
H2O
0
10
20
30
40
50
60
70
80
90
100
0 50 100 150 200 250 300 350 400 450 500
D
V
[m
V
]
Currentdensity[mA/cm2]
ComparePOLvsREF
A
C
D
B
1102   Domenico Borello et al. /  Energy Procedia  61 ( 2014 )  1099 – 1102 
This behaviour is highlighted in Fig.2, where the voltage differences are plotted between gasification 
compositions and the reference composition for each current density value. These values are all within 
each other’s range for all compositions and all current densities and in any case within the margin of 
uncertainty of the single measurements. This suggests that composition has no effect on cell performance 
apart from a dilution effect, in this case caused by CO2 and N2. The lower concentration of combustibles 
reduces OCV as expected by the Nernst potential definition, shifting the curves towards lower values.  
In the final version of this article, the EIS analysis will be presented and discussed. This technique is of 
major importance when studying the effect of the fuel composition on the performance degradation rate. 
Endurance testing (more than 1000 hours) is a time-consuming activity, and only the most significant fuel 
compositions will be tested in ENEA’s single cell test station carrying out polarization curves and EIS 
measurements every 250 hours. The change rate of the resistances of the anodic processes in the ECM 
can be used to determine the best composition attending to degradation reduction. 
4. Conclusions 
In this work, the influence of the wood-gas composition in terms of performance of an Electrolyte 
supported SOFC is investigated.  
The analysed fuel compositions are obtained from biomass gasification by changing the oxygen 
percentage in the air composition and by varying the humidity in the original biomass feedstock. 
Polarisation curves showed similar behaviour for the different compositions. Small quantitative variations 
in the corresponding VI curves compared to the reference case (hydrogen only) are due to the fuel 
dilution. 
These results demonstrate that wood-gas can be used in SOFC. 
However, in-depth influence of these fuels will be assessed only after an EIS analysis that will be 
presented in the final paper. 
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